Atmospheric pollutants have both beneficial and detrimental effects on carbon uptake by 38 land ecosystems. Surface ozone damages leaf photosynthesis by oxidizing plant cells, 39 while aerosols promote carbon uptake by increasing diffuse radiation and exert additional 40 influences through concomitant perturbations to meteorology and hydrology. China is 41 currently the world's largest emitter of both carbon dioxide and short-lived air pollutants. 42
We perform 24 time-slice simulations to explore the interactive impacts of O 3 and 216 aerosols on land carbon uptake (Table S2) concentrations are also adopted from the RCP8.5 scenario. Land cover change 233 projections for this scenario suggest only minor changes between the years 2010 and 234 2030; for example, the expansion of 3% for grassland is offset by the losses of 1% for 235 cropland and 4% for tropical rainforest. As a result, we elect to apply the same land 236 cover, which is derived from satellite retrievals, for both present-day and future 237 simulations (Fig. S1) . We use present-day equilibrium tree height derived from a 30-year 238 spinup procedure as the initial condition. All simulations are 239 performed for 20 years, and the last 15 years are used for analyses. For simulations 240 including effects of CO 2 fertilization, climate change, and O 3 damages, GPP and NPP 241 reach new equilibrium within 5 years while those for NEE may require several decades 242 due to the slow responses of the soil carbon pools (Fig. S3) . 243 244
YIBs offline with MERRA meteorology 245
We perform 15 simulations to evaluate the skill of the O 3 damage scheme for vegetation 246 in China (Table S3) . Each run is driven with hourly meteorological forcings from NASA 247 GMAO MERRA (Rienecker et al., 2011 and low model-to-observation biases (< 20%) ( Fig. 1 and Fig. S4 Table  298 S5) better match the observations that represent the major domain of China (Fig. 3) . 299 300
Shortwave radiation 301
We use ground-based observations of surface shortwave radiation and diffuse fraction 302 from 106 pyranometer sites managed by the Climate Data Center, Chinese 303
Meteorological Administration (Xia, 2010 the East where low solar insolation while high diffusion are predicted (Fig. 4) . 309 310
Ozone vegetation damage function 311
We adopt the same approach as Yue et al. (2016) by comparing simulated GPP-to- [O 3 ] 312 responses (Table S3) with observations from multiple published literature (Table S1 ). We 313 aggregate these measurements into six categories, including evergreen needleleaf forest 314 (ENF), deciduous broadleaf forest (DBF), shrubland, C3 herbs, C4 herbs, and a mixture 315 of all above species. We derive the sensitivity of GPP to varied [O 3 ] ( Our results indicate that present-day surface O 3 inhibition, averaged for low and high 351 plant sensitivities, reduces total NPP in China by 0.59 ± 0.11 Pg C yr -1 (Table 2) (Table S6 ). These feedbacks combine to 362 stimulate photosynthesis (Fig. 8a) , which, in turn, strengthens plant transpiration and 363 further increases RH, contributing to enhanced precipitation and cloud cover. Moreover, 364 soil moisture increases with lower evaporation and higher precipitation. Inclusion of AIE 365 results in distinct climatic feedbacks (Fig. S8 ). The AIE reduces cloud droplet size and 366 inhibits summer precipitation by 0.9 mm day -1 (13%), leading to a 3% decline in soil 367 moisture (Table S6 ). The AIE also lengthens cloud lifetime and increases cloud cover, 368 further reducing available radiation and causing a stronger surface cooling. 369
We separate the relative impacts due to aerosol-induced perturbations in temperature, 371 radiation, and soil moisture (Fig. 8) . The overall impact of the aerosol-induced 372 biometeorological feedbacks on the carbon uptake depends on the season and vegetation 373 type. In the summer, the aerosol-induced surface cooling brings leaf temperature closer to 374 the photosynthetic optimum of 25°C, DRF enhances light availability of shaded leaves 375 and LUE of sunlit leaves, and the wetter soil alleviates water stress for stoma. 376
Consequently, aerosol-induced hydroclimatic feedbacks promote ecosystem NPP, albeit 377 with substantial spatiotemporal variability ( Fig. 8a and Table 2 ). Surface cooling 378 enhances NPP in summer (Fig. 8b) but induces neutral net impacts on NPP in spring and 379 autumn (not shown), when leaf temperature is usually below 25°C, because the cooling-380 driven reductions of photosynthesis are accompanied by simultaneous reductions in plant 381 respiration. Plant phenology is responding to aerosol-induced cooling; however, such 382 changes alone exert much smaller impacts on the ecosystem carbon uptake compared to 383 those driven directly by temperature changes . We find strong aerosol 384 DRF in the Southeast and the Northeast, where AOD is moderate (Fig. 8c) . Over the 385 North China Plain and the Southwest, aerosol DRF is more limited. In these regions, the 386 local background aerosol layer and/or cloud over are sufficiently optically thick that the 387 effect of anthropogenic aerosol pollution is largely to attenuate direct sunlight and reduce 388 NPP (Cohan et al., 2002). Aerosol-induced cooling increases soil moisture over most of 389 the East (Fig. 7f) , but the beneficial responses are confined to the Central East (Fig. 8d) , 390 where C3 crops dominate (Fig. S1 ). These short-root plants are more sensitive to short-391 term water availability than deep-root trees (Beer et al., 2010; Yue et al., 2015) . 392
393
In contrast, inclusion of AIE results in detrimental impacts on NPP (Table 2) . Aerosol-394 induced drought strongly reduces regional NPP especially over the Northeast and North 395
China Plain (Fig. S9d) , where cropland dominates (Fig. S1) . Meanwhile, the increases in 396 cloud cover reduce available radiation, leading to weakened aerosol DRF effects over the 397 Southeast while strengthened NPP reductions in the Southwest (Fig. S9c) . 398 (Table 2) , equivalent to 9-16% of the pollution-free NPP and 16-32% of 407 the total anthropogenic carbon emissions (Liu et al., 2015) . A dominant fraction (86% 408 without AIE and 77% with AIE) of the reduced carbon uptake occurs in the East, where 409 dense air pollution is co-located with high NPP (Figs 1 and 2) . Independently, O 3 reduces 410 NPP by 0.59 Pg C yr -1 , with a large range from 0.43 Pg C yr -1 for low damaging 411 sensitivity to 0.76 Pg C yr -1 for high damaging sensitivity ( Table 2 ). The sign of the 412 aerosol effects is uncertain. Without AIE, aerosol is predicted to increase NPP by 0.2 Pg 413 C yr -1 , because of regionally confined DRF effects and enhanced soil moisture (Fig. 8) . 414
With inclusion of AIE, aerosol decreases NPP by 0.2 Pg C yr -1 , mainly due to reduced 415 soil moisture (Fig. S9) . The uncertainty of individual simulations, calculated from the 416 interannual climate variability, is usually smaller than that due to O 3 damage sensitivity 417 and AIE (Table 2) . 418 while AOD decreases by 5% and surface PM 2.5 concentrations decline by 10% (Fig. 9) . 423
These changes are predominantly attributed to changes in anthropogenic emissions, as 424 natural sources show limited changes. The reduction of AOD is related to the decreased 425 emissions of SO 2 , black carbon, and organic carbon (Fig. S2) . In contrast, the 426 enhancement of [O 3 ] is caused by the increased emissions of NO x accompanied with the 427 higher air temperature in the warmer 2030 climate. The moderate decline of aerosol 428 loading in the 2030 CLE scenario brings benefits to land ecosystems through DRF effects 429 (Table 2 ) because light scattering is often saturated in the present-day conditions due to 430 high local AOD and regional cloud cover. Benefits from the aerosol pollution reductions 431 are offset by worsening O 3 vegetation damage in the CLE future world (Fig. 10b) (Fig. 10c) . These damages are of similar 442 magnitude to modeling uncertainties ( Table 2) (Table S6) , 475 similar to the estimate of 28 W m -2 by Folini and Wild (2015) . In response to this 476 radiative perturbation, aerosol pollution causes a widespread cooling of 0.3-0.9 °C in 477 summer over the East (Fig. 7a) , consistent with estimates of 0-0.9 °C by Qian et al. induced changes in temperature, radiation, and precipitation (Fig. 8) . The cooling-related 492 NPP enhancement (Fig. 8b) collocates with changes in temperature (Fig. 7a) (2016), we applied a well-validated offline radiation model to calculate these AOD 504 thresholds over China. We conclude that present-day AOD is lower than the local 505 thresholds in the Northeast and Southeast but exceeds the thresholds in the North China 506
Plain, explaining why aerosol-induced diming enhances NPP in the former regions but 507 reduces NPP in the latter (Fig. 8c) . On the country level, the NPP enhancement due to 508 aerosol DRF is 0.07 Pg C yr suggesting that the stronger O 3 damage in CLE might be overestimated while the reduced 538 damage in MTFR might be too optimistic. Furthermore, the relatively coarse resolution 539 of the global model, usage of emission inventories, selection of aerosol parameters, and 540 application of AIE may introduce additional biases and exacerbate the total uncertainties. 541 542 Importantly, our estimate of NPP response to aerosol effects, with or without AIE, is 543 secondary in magnitude compared with the O 3 vegetation damage, suggesting that the net 544 impact of current air pollution levels in China is detrimental to the land carbon uptake 545 there. Locally, this pollution damage exerts a threat to plant health, terrestrial ecosystem 546 services, and food production. Globally, air pollution effects may enhance planetary 547 warming by decreasing the land removal rate of atmospheric CO 2 . Our results show 548 substantial benefits to the protection of plant health and the regional land carbon sink in 549
China from stringent air pollution controls, especially for O 3 precursors. Our analysis 550 highlights the complex interplay between immediate and more local pollution issues, and 551 longer-term global warming. Future air pollution controls provide an additional co-552 benefit to human society: the offsetting of fossil fuel CO 2 emissions through enhanced 553 land sequestration of atmospheric CO 2 . 554 (Table S4) ModelE2-YIBs using high and low ozone damage sensitivities (Table S2) are from G10ALLNO3 performed with the climate model ModelE2-YIBs (Table S2) . (Table S2) Simulations are performed using the offline YIBs vegetation model (Table S3) The average value over the box domain of (a) 
